I shall first outline some of the main variables concerned in the excretion of the contrast medium and then consider their importance in relation to the intravenous pyelogram, using the results of studies carried out over the last two years at St Bartholomew's Hospital with Dr W R Cattell and Dr A G Spencer ) in which we have investigated the excretion of Hypaque 45 which is the sodium salt of diatrizoic acid. The investigation has been facilitated by the development of a simple method of estimating the contrast medium using ultraviolet light spectrophotometry .
Papers
Factors Affecting Hypaque Excretion in the Intravenous Pyelogram [Abridged] by I Kelsey Fry DM FFR (St Bartholomew's Hospital, London) I shall first outline some of the main variables concerned in the excretion of the contrast medium and then consider their importance in relation to the intravenous pyelogram, using the results of studies carried out over the last two years at St Bartholomew's Hospital with Dr W R Cattell and Dr A G Spencer ) in which we have investigated the excretion of Hypaque 45 which is the sodium salt of diatrizoic acid. The investigation has been facilitated by the development of a simple method of estimating the contrast medium using ultraviolet light spectrophotometry .
The factors concerned with the opacification of the collecting system are summarized in Fig 1. First and foremost is the amount of contrast medium in the collecting system; this depends partly on the total amount filtered but much more on the concentration and on the degree of filling of the collecting system. This is important because for any given concentration the density will vary with the depth of contrast medium presented to the X-ray beam. The filling depends partly on the rate of urine flow, partly on the anatomical volume and partly on the efficiency of the method used for ureteric compression. Radiographic factors including bowel shadowing and the thickness of the patient also play a part.
It is now widely accepted that modern contrast media are excreted for practical purposes by glomerular filtration, therefore the amount excreted will depend on the blood level and the glomerular filtration rate, the product of the two giving the amount excreted in any given time. More important than the amount excreted is its concentration in the urine. This depends first on blood level, since this determines the initial concentration in the filtrate and secondly on the amount of water being reabsorbed in the passage of the filtrate down the tubules, which varies with the functional capacity of the tubules, with the state of hydration and with the presence of an osmotic diuresis; this is of great importance during an IVP because the contrast medium itself acts as an osmotic diuretic. The larger the dose and hence the larger the amount excreted and its concentration, the larger is the diuresis. An additional osmotic diuresis occurs in patients in renal failure, in whom the high urea levels have a similar osmotic effect.
There are thus three variables to be taken into account when discussing the excretion of the contrast medium in relation to the IVP: glomerular filtration rate, the blood level and the amount of water being reabsorbed. Of these three only the plasma level is wholly under our control depending solely on the dose in relation to body size. In order to study the effect of varying the dose on the quality of the IVP we scored the films according to the degree of opacification of the collecting system judged by eye. The scoring was such that a total score of approximately 35 represented a minimum acceptable score (for details of scoring see Fry et al. 1967) . Fig 2 shows the total X-ray scores following varying doses of Hypaque 45 in a group of patients who had no significant anatomical or functional abnormality in the urinary tract. It will be observed that the greater the dose the greater the score up to about 0-4 ml/lb. Above this dose the top scores did not improve much but there were fewer indifferent scores. Taking 35 as representing the minimum acceptable score, it can be seen that about 0-25 ml/lb is required to achieve it in a majority of patients. If the numbers of indifferent scores are to be reduced a dose nearer 0 5 ml/lb is required.
It is important to emphasize that I am discussing only Hypaque 45; it is the amount of iodine injected that matters and this will vary with different strengths and with different contrast media. There are about 18-5 g of iodine in 70 ml of Hypaque 45 and a dose approaching this is conveniently given in 40 ml of Hypaque 65, of Urografin 76 or of Conray 420 and this is our present dose in adults weighing up to 140 lb (63-5 kg), larger patients being given one, two or even three more 20 ml ampoules.
The variations in GFR in these patients had no demonstrable effect on the density of the IVP probably because the variations were too small Variations in the amount of water reabsorbed can be studied by observing the effect of dehydration. Individuals vary widely in their response to fluid deprivation and the only satisfactory way to assess the state of hydration is to observe the resting rate of urine flow. If X-ray scores in patients with low rates of urine flow (dehydrated) are compared with those in patients with high rates of flow (not dehydrated) a clear pattern emerges (Fig 3) . The low rates of flow are associated with more opacification than high rates of flow. Adequate dehydration can therefore play a part but it must be adequate and in many patients this requires stringent fluid deprivation (Saxton & Strickland 1964) . Such measures are often uncomfortable for the patient and reference to Fig  3 shows that with the higher dosage very few scores were below our minimum acceptable level of 35 even with the higher rates of urine flow. For these reasons our own practice is merely to limit fluids overnight as a means of avoiding excessive fluid intake rather than as a means of fluid deprivation.
So far I have been discussing patients shown to have normal renal function; in practice many patients coming for IVP have some impairment. In this context it is worth remembering that the blood urea does not begin to rise until renal function, as judged by the GFR is down to about two- Fry et al. 1957, by kindpermission) thirds of normal. There may thus be substantial impairment of renal function even in patients in whom the blood urea level is normal. Three points follow from this: (1) That the chosen dose of contrast medium should err on the generous side because one often cannot tell which patient will have some impairment of function.
(2) That in the aged, in whom renal function normally deteriorates, the dose should be increased. (3) That even minor elevation of the blood urea should be communicated on the X-ray request card so that the dose can be adjusted accordingly.
By the time there is renal failure the GFR is grossly reduced. This is not, however, the only factor affecting the quality of the films in renal failure. The second point of considerable importance in these patients is that they are unable to concentrate their urine. This defect in concentration is due not only to tubular damage but also to the diuresis caused by the osmotic load associated with the high level of blood urea. This raises a point of practical importance: an attempt to improve the IVP by depriving these patients of fluids can do no good and may do harm, as they continue to lose water and may get a serious disturbance of fluid balance. In the face of the grossly reduced GFR, the tubular damage and thb added osmotic diuresis of renal failure, the only way to obtain some opacification is to raise the plasma level very high by giving large doses. We ourselves at present give a dose corresponding to approximately 1 ml/lb Hypaque 45 and would expect to obtain useful information in patients with blood urea levels up to 200 mg/l00 ml and often much higher.
One way of administering such a dose is by drip infusion pyelography. The most important aspect of the technique is the large dose. Apart from its use in patients with renal failure, such a dose has other uses, as for instance when it is necessary to observe a dense nephrographic effect or when it is desired to fill both ureters well. With regard to the calyces, it is our experience that in patients with normal renal function they are adequately shown with about half the dose; indeed they may be better shown due to a less dense nephrogram and less over-filling (Dure-Smith 1966) . The technique of injection itself with the addition of dextrose saline has in our own experience made no difference to the quality of the IVP when compared with normal intravenous injection; it is best regarded simply as a convenient means of giving a large dose.
Finally, I would like to emphasize three points:
(1) The main variables concerned in excretion of contrast medium during an IVP can conveni-ently be thought of under three main headings, plasma level, GFR and the factors affecting the amount of water reabsorbed. (2) It is tempting to use the IVP as an assessment of renal function, but there are so many different factors concerned in the final image of the collecting system that any such attempt must be made with great caution and can only lead to a very crude assessment.
(3) IVP techniques have increasingly to be tailored for a particular patient with a particular problem. Knowledge of the variables involved makes it easier to plan what to do in a given situation. More than ever is close co-operation required between the clinician and the radiologist if the patient is to be given the most effective investigation.
Nephrotomography Simplified by H M Saxton MRCP FFR (Guys Hospital, London)
High dose excretion urography produces a relatively dense nephrogram due to the high tubular concentration of contrast. The opacification occurs in functioning parenchyma and so may be employed to demonstrate alterations in function or anatomical disturbances in a way paralleling the use of the nephrographic phase in aortography (angionephrogram).
The Physiological Basis of the Nephrogram (Fig 1) The nephrogram is produced by contrast along the whole length of the nephron. Except in the collecting tubules the concentration of contrast in the tubule will vary according to that in the glomerular filtrate. It therefore depends on the plasma level of contrast and is affected by the glomerular filtration rate. Thus the densest nephrogram is seen immediately after injection of a large dose of contrast in a patient with normal renal function. Renal failure, including the
